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ABSTRACT
Storage tube disturbance is defined as the positional 
fluctuations of the input-output characteristic. An attempt to 
characterize this single concept by a single number or "Figure of 
Merit" is complicated by the fact that disturbance has been found 
to be a function of several variables.
The periodic and aperiodic structure of the barrier grid of 
a barrier grid storage tube is used to illustrate disturbance. It 
is found that a portion of the disturbance is independent of the 
signal level, whereas another portion is directly dependent on it.
In considering the frequency distribution of the disturbance 
it is found that the aperiodic variations cause a disturbance which 
is spread throughout the tube's pass band, while the periodic 
variations produce a disturbance at particular frequencies. The 
amplitude of the periodic disturbance which appears in the output 
is shown to be a function of the ratio of beam diameter to barrier
grid mesh size.
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The quality of a storage device can be specified by a set of numbers 
each of which represents some "figure of merit". In general the 
significance of these numbers is dependent on a knowledge of the method 
of measurement used. As an example, several methods for the measure­
ment of storage tube resolution have been investigated, and a relation­
ship shown to exist between the different "resolution numbers" 
obtained by the various methods.1
This paper is a discussion of another "figure of merit", the signal- 
to-disturbance ratio. Disturbance is a positional fluctuation of the 
input-output characteristic of the tube.
Perhaps the most elementary measure of disturbance is the peak 
to peak fluctuation of the output superimposed on a constant signal.
This however has several weaknesses as a figure of merit. For 
example, the disturbance may be dependent on the size of the signal, 
or may be the result of localized imperfections or blemishes. In 
this case account is not taken of the density of the resulting 
disturbance spikes. It is also possible that the disturbance in tubes 
with relatively coarse barrier grids may be concentrated chiefly at 
the barrier grid frequency (see Figare l6). It will be shown that this 
type of disturbance is attenuated by the low pass filtering effect 
of the reading process whereas stored signals are subject to the 
low pass effect of both the reading and writing processes. Thus this 
disturbance may occur at a frequency which is above the overall bandpass, 
and can in some applications be filtered out or ignored.
J. K. Robe, "Storage Tube Resolution", R~93> Control Systems 
Laboratory, University of Illinois, March, 1957-
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We shall use the periodic and aperiodic structure of the barrier 
grid to illustrate disturbance, although several other sources of 
disturbance such as variation of screen or target secondary emission 
ratio, variation of dielectric thickness, etc., exist.
Measurements made on barrier grid storage tubes show that 
to a first order approximation the operation is linear in the 
sense that the output current I is proportional to the stored 
charge, and to that portion of the reading beam current which is 
transmitted by the barrier grid. These proportionalities are 
satisfied by the following expression:
where j(x, y) is the reading beam current distribution 
T(x,y) the screen transmission so that 
j(x,y) T(x,y) is the transmitted current distribution 
p(x,y) the stored charge density.
X and Y are the coordinates of the storage surface.
K is a constant of proportionality.
Equation (l) shows that if J and T are constants the back 
plate current during reading is linearly related to the stored 
charge. However periodic or random spotial fluctuations in a function 
such as T(x, y) will cause a disturbance which is proportional to the 
stored charge. Because of this proportionality this type of 
disturbance may be designated as "multiplicative disturbance".
oo 00
(i)
GO -OO
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Figure (l) shows a typical reading process in which the 
barrier grid is connected to the back plate. The total beam current 
1^ is separated by the barrier grid into two components 1^ and 1^- 1^.
I is the transmitted portion which is effective in reading the stored 
charge. The part which strikes the barrier grid (l^ - 1^) together 
with the resulting barrier grid secondary emission current -0^(1^ - 1^)' ' 
add to give the total barrier grid current.
Ig = (1 - 0g ) (ijj - It ) (2)
I has been found to be relatively independent of the stored signal S
so that the fluctuations in I which are simply added to the outputS
may be designated as ’’additive disturbance”.
Figures 2 and 3 illustrate the multiplicative and additive 
properties of the disturbance. The figures show the output current 
for a single sweep across the target.
The right half of each trace shows the output current 
corresponding to the different amounts of stored charge. Note 
in particular that the disturbance on the top of the signal is - 
dependent on the signal level. This is shown better in Figure 2 
than in Figure 3 where the trace width is about the same size as the 
disturbance.
The left half of each trace is over a region of zero stored 
charge. That is the storage surface has reached equilibrium so 
that the output in this region is primarily due to barrier grid current.
(2) °g is the effective secondary emission ratio of the barrier grid.
STORAGE r\AJER1AL
Consider for the moment the reading of a uniformly charged target 
i.e., p(x, y) * constant. Then using equation 1
oo oo
j(x, y) T(x,y) dx dy = k plt
since the transmitted current I, is given by
oo oo
It = j(x,y) T(x,y) dx dy
(3)
0 0
-00 -00
Thus equation (2) and (3) show that fluctuations in It are a source 
of both multiplicative and additive disturbance. Neglecting the 
imperfections in fabrication the barrier grid has a periodic 
structure so that T(x>y) is a periodic function with a period 
corresponding to the screen periodicity b •
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Choosing the coordinate system shown in Figure ( k) T(x, y) can 
be separated into functions of x only and y only, so that
T(x,y) = T'(x) • T'(y) (5)
4
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Barrier grid, a = Wire diameter, b = wire spacing
Figure k
As a matter of convenience consider those beam distributions
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which can also be separated into functions of x and of y, then a 
beam with its center at y1 can be represented by
J(x, y) = J*(x - x][) • J*(y - yx) (6)
Using equations (5) and (6) equation (k ) becomes
GO qd
r  r  1 t  rII / J*(x— x^) T'(x) dy »! / J*(y - yx) T*(y) dy
L J_ J
-00 -0 0
00
(7)
We see that the x integral above f Cx^ *  J J*(x -x1) T*(x) dx
-00
is the convolution of T' (x) with J ’(-x). It is reasonable to assume 
that J* is an even function i.e., J*(x)= Since F is the
convolution of T* and J* the Fourier transform of F(x1) = f(k) is 
equal to the product of the transforms of J* and T*. This is a 
general statement and is demonstrated below. Taking the following 
form of the Fourier transform
oo
f(k) - Ffx^ e1 2ltkxl dx1,
-oo
and letting -x’ = x - x^ the above integral can be separated into 
separate integrals in x and x*.
y 00 - 00 V
f(k)» i 2nkx e dx i 2jt kx* . e dx*
-co -00
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Since both of these integrals are of the chosen form for a Fourier 
transform (we have taken J*(-x) = J^x)) it follows that
Thus the frequency spectrum of the transmitted current behaves 
as if the transmission function T*(x) were passed through a filter 
whose frequency response is the transform of the read beam current 
distribution j'(k). This is the basis for the statement on page 1 
that the barrier grid disturbance is attenuated by the low pass 
filtering effect of the reading process.
For a periodic transmission function we can write
f(k) = t'(k) • j'(k) (8)
(9)
where b is the repetion period of the screen
then
oo
-oo
GO
do)
n=-CD
ô is the Dirac delta function, and
V2 i 2* £ x
T*(x) e dx
-b/2
( 11)
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If we take T* to be 1 for points not shadowed by the barrier grid
(i.e., between - and and zero elsewhere, then we obtain
for A . n
/'
\
Transmission function T* (x) 
Figure 5
b-a
2
b-a
. b-a
b-a ________b_
b b-a
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The average transmission is
f - ( ^ ) 2 (12)
so that
sin nn 
mt y/F"*
(13)
Returning to equation (8) and inserting t ‘(k) from equation (10) 
■we have.
oo
f(k) = f(k) d"(k)*4J"Xfc) 21 A 5(k - ^ )
ns - oo
00
= zn=-oo S-n 6<* - F> (l*>
where
= A • j* (£) n n ° vb' (15)
Transforming back to the domain we have
oo -i 2nkx1
n=-oo
dk
(16)
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A similar expression can be obtained for the y integral of 
(7 ) namely:
00 - i  2jtj£ y.
F (y x ) = e
m=-oo
(17)
Substitution of equation (l6) and (17) into equation (7) gives the
transmitted current 1^.
00
It “ ^n= -00
. 0 n 00— i 2jt 5T” X» ——
b 1 > _  £ m
-i2jt ms *1 (18)
m=-a>
Measurements of the storage tube frequency response show a
decrease of the response with increasing frequency similar to that
of a low pass filter. For the tubes under consideration the response
at the second harmonic of the barrier grid is small enough that we can
neglect terms n ^  2 in equation (l8 ).
Since we have taken coordinates such that A - A andn -n
J'(^) * y and therefore equation (l8) can be simplified
to
k  + 2 £ cos 2n ^
■
•
~ —
£ + 2 cos 2jt 2 k ° o  1 bL J
L  - £ ?  1
[
2£i cos 2jt
It =  £ o 1 + £cos 2jt
X1
1 + * 0 *1 cos 2jt t~~
Eo b
O ^11 + Ceos 2jt
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■where
£ , ! S  ,  ^  m  - S i  Mba o M AT *"F'O
R(i) is the relative response of the reading process at the harrier 
grid frequency.
The approximate size of the coefficients can be established
3since the prevention of Coplanan grid effect requires that the 
screen thickness be an appreciable fraction of the wire spacing 
(b). Furthermore, the manufacturing techniques in use provide 
a screen thickness of the same order of magnitude as the wire 
diameter (a). Thus a typical value for £ would be 3* In thisoL
case
x T ¥  = = 2 /3
sin if/T~ = 2/3 (0.1U3), etc
so that
2A^
~
&  0 .8
> o
Thus, the predominant factor in £  which results in its small value
is the relative response of the reading process at the barrier grid
2
frequency. Since £- is small we shall neglect terms in S' . Inserting 
the value of&^ = A^(j*(o) )2 = T 3^, 1^ becomes
1+ & cos 2it + S cos 2jt (20 )
3 A. S. Jensen, RCA, Review, June 1955* Vol. XVI, No. 2
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During the reading process the beam scans over the target with 
a velocity V and at an angle 0. So that the coordinates of the center 
of the beam y^ are parametric functions of time.
x^ = tV cos © 
y^ = tV sin ©
It is interesting to consider two orientations of the barrier 
grid with respect to the deflection directions which have been 
used in different tubes. Namely the deflection directions at 
approximately -^5^ and at approximately 0 to the barrier grid wires.
Consider first the case where the deflection directions are at
approximately ^5° to the barrier grid wires, i.e., © — ^ is
small angular deviation from ^5° • Then
*L = vt COS ( £  +  © -^ = vt
it Itcos jj- cos ©^ - sin jj* sin ©^
— —
( 1 - v
r  -n — —1
tII& sin J + = vt cos £ sin ©^ + sin ^ sin ©^
— —
^  2 - (i + ©,)
using these relationships equation (20) becomes
ï t “ 1 ^ i + £cos jU L (l + «j_)t + £, cos (l - e1)t/ib
(22)
(23)
(24)
103-15
The disturbance consists of two terms which have amplitudes that
are proportional to £> and which have frequencies that are separated
~ w2jtV Rfrom the mean frequency "w = --- - by a small amount w ©,
m vzb j z  m 1
rad./sec. Each term comes from one of the two sets of parallel 
screen wires. We have neglected the cross product term which is
a
proportional to £  and gives rise to terms at the sum and difference 
frequencies of the terms shown. The relative frequency distribution 
is shown in Figure 6 below.
Figure 6
Frequency of the major disturbance terms for a screen orientation 
such that the screen wires are at an angle of ^5° ©1 with respect
to the deflection directions, is the small angular deviation
from ^ 5°; w is the barrier grid frequency.
8
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If the tube is constructed so that the deflection directions are 
approximately parallel to the barrier grid wires i.e., © =©2 * where 
©2 is a small angular deviation from 0° then
vt (25)
y^O=r vt Sin ©2 Ci vt©2 (26)
and equation (20) becomes
It = T i + £ cos 2jrv t + cos 2 rtv b
1
®2t (27)
L_ “*
In this case the disturbance (see Figure 7) consists of a high
2jtvfrequency term at the barrier grid frequency w^ = and a low 
frequency term w^Q^.
Figure 7
Frequency of disturbance terms for screen orientation 
almost parallel to deflection directions•
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Since the low frequency term falls in the frequency pass band 
of the storage tube and cannot be filtered out, it would seem 
that the *+5° orientation is better for some applications of the tube. 
However, it seems that a better solution to the problem would be 
to decrease the size of the barrier grid with respect to the 
beam diameter so that £ becomes negligible.
Unfortunately a simple statement as to the ratio of the beam 
size to barrier grid size necessary to reduce £ to some predetermined 
small value cannot be made without considering the beam current 
distribution. Furthermore, the approximation that the beam current 
is Gaussian, which worked well for resolution considerations, 
requires further consideration in the case of disturbance calculations 
for the following two reasons. The barrier grid frequency will in 
general be high enough that the response at this frequency is 
strongly dependant on the shape of the tail or edge of the beam 
distribution, whereas for resolution considerations the main lobe 
portion of the distribution is more important. Secondly, the 
barrier grid disturbance is dependant only on the reading process 
frequency response while resolution depends on the total system 
response, which is the product of the responses of the reading 
and the writing processes. This, plus the fact that for a large 
class of functions the higher powers of these functions tends 
toward the Gaussian function leads one to believe that the Gaussian 
approximation is better for resolution considerations than for 
barrier grid disturbance.
This seems to be the case since the RCA Radechon Types 
073*105 and 073*441 have b =—^  inch and from resolution
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measurements a#«0.002 inch, which would, if the beam were Gaussian,
give oo
j'(k) =
2jta
2x
27  i2jt kxe e ax
-oo
-2«2 a 2k2
so that
1 •>' -5R (±) = ----2— «  e 7<W0.007
b J'(0)
This figure is almost an order of magnitude smaller than the observed
value.
Transmission waveforms for the two screen orientations mentioned 
above are shown in Figure 8 . The effect of decreasing £, by 
decreasing the barrier size with respect to the beam size is illustrated
in Figure 9 and 10.
The waveforms were obtained by optically scanning 500 mesh 
screen of the type used in the TCM-1^ made by Conrpagnie Generale 
de Telegraphie Sans Fil (CSF). The two strips were selected to 
be relatively free of local defects such as missing or supplementary 
wires in order to present only the disturbance terms shown in Figures 
6 and 7 »
Before leaving the topic of periodic disturbance we shall 
mention two other problems about which there is some speculation
as to their importance.
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First consider the problem of redistribution of the charge 
stored with a cell. There is no reason to believe that the secondary- 
electrons which return to the surface during the writing process do 
so in such a manner that the charge density within each cell is 
uniform. More likely the clump of charge in the cell has some 
unknown shape. However, these clunks have the same periodicy as 
the screen transmission function and it is not unreasonable to 
assume that they have the same x,y symmetry properties of the 
transmission function. In this case the problem can be treated 
in a rather simple manner. We just assume an effective transmission 
function Te(x, y) such that T(x, y) p(x, y) in equation (l) 
can be replaced by p T (x, y) where p is the average charge density.
This changes the A coefficients in equation 13. However, 
n 2-Al i
2 in equation 19 will still be T and £✓ -  Aq R (^) will
' j
still be a small number, mainly because of the dependence on
R (|>.
Several reasonable clump shapes were considered. It was
found that the ratio ~  did not change enough to affect the
Ao
discussion.
Second, consider the case where stored charge is modulated 
instead of constant as has been assumed throughout the discussion. 
There is a multiplicative relationship between the charge density 
and the transmission function (equation l), so that a stored signal or 
one of its harmonics which falls near the barrier grid frequency 
will result in sum and difference frequency components. The size 
of difference frequency component is of interest since it will 
fall in the tube*s pass band. Consider a signal that has an
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amplitude corresponding to a maximum for linear operation, and 
has a frequency at or near the barrier grid frequency. The read
a 2out amplitude of this signal will be approximately O since it 
has been subjected to the low pass effect of both the reading and 
the writing processes. This signal modulated by the barrier grid 
gives rise to sum and difference frequency terms which are 
proportional to £  which should be negligible. Experimental 
verification of this is shown in Figure 11 for the RCA Radechon. 
The figure shows spectra for signals progressively approaching 
the barrier grid frequency. The change in the disturbance already 
present at the difference frequency is considerably less than that 
at the barrier grid frequency.
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APERIODIC DISTURBANCE
Figures 12 and 13 are monitor scope presentations of the 
harrier grid current for a RCA Radechon. The almost periodic lines 
running diagonally from upper left to lower right are attributed to 
the actual wires in the woven barrier grid, which has a mesh
size of inch. One would expect as a result of the more or230
less random variation in wire spacing of the woven screen that a 
widening of the disturbance at the barrier grid frequency, and 
additional disturbance Spread throughout the tubes pass band would 
occur. Other possibilities such as variation of the secondary 
emission ratio from wire to wire or spot to spot may exist. (The 
horizontal lines in Figures 12 and 1^ are 60 cycle hum bars in 
the slow read sweep.)
Figure 1^ is a similar presentation for a TCM-1^ storage 
tube. The technique used in the manufacture of this grid makes 
it possible to obtain very uniform spacing (constant b) and also 
a grid which is fine enough (l/500 inch mesh size) so that the 
disturbance at the barrier grid frequency is well outside of the 
read cycle pass band. (The magnitude of £ is negligible.)
However, it is apparent from the figure that random variations are 
still present. An investigation has shown some of the sources of 
this disturbance.
Microscopic investigation has shown that there is a slow 
variation in the thickness of the grid wires which causes the average 
transmission to vary from region to region. As a matter of fact 
this variation is apparent in Figures 8, 9 and 10. In that, the
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average transmission for the two strips of screen is different. The
manufacturer expects to be able to correct this by proper location of
plating electrodes during the electroplating build-up process.
In addition to the above, small local defects occur, such as
small supplementary bars of metal or portions of a bar missing.
Examination of a region 0.2 inch square showed about 100 such
defects. To the extent that these defects are randomly distributed
and occur in regions smaller than the beam area one would expect
that the resulting disturbance would be spread uniformly throughout the
frequency pass band of the storage tube.
Some estimate of the magnitude of the spikes produced by
these local defects can be obtained. Observation showed that
the usual defect consisted of one half of a bar missing. This
defect of area ~  transmits an additional current J £— , where J
is the reading beam current density. Taking the reading beam to
b 0 .002”be gaussion with cr= 0 .002“ and a screen with a = ^ ---,
T = 0.5, then when the beam is centered over the defect, the
This agrees with the short time peak disturbance observed 
(see Figure 3)•
As was mentioned earlier, peak disturbance is not an adequate 
figure of merit for tubes which are used as correlation or averaging 
devices since no consideration of the density of defects is made.
A more complete description of the disturbance is given by 
its frequency spectrum ( see Figures 16 or l8). Since a maximum 
linear signed, is also included in the spectra one obtains a measure
percent peak disturbance is ■
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of the amplitude dynamic range (another measure of a signal- 
to-disturbance ratio).
At least two other figures of merit that would be useful 
in comparing various storage devices are worth mentioning.
They are the information capacity which can be obtained from the 
dynamic range plus a resolution figure and the maximum information 
rate which requires knowledge of the minimum processing timeB.
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100% MAXIMUM LINEAR 
SIGNAL STORED.
60%  OF MAXIMUM
FIGURE 2 RCA RADECHON 4 0 5 , 5 4 0 -8
SINGLE LINE READ OUTPUT CURRENT, FOR THREE STORED 
STEP WAVES.
1 0 3 -2 3
100% MAXIMUM LINEAR 
SIGNAL STORED.
NO 1 STORED
| SIGNAL 1 SIGNAL
FIGURE 3 TCM  I4 -A 7
SINGLE LINE READ OUTPUT CURRENT, FOR THREE STORED 
STEP WAVES.
1 0 3 - 2 4
WAVEFORMS FOR TWO 
POSSIBLE GRID ORIENT­
ATIONS
RIGHT STRIP MAGNIFIED 
2>/2 TIMES. GRID ALMOST 
PARALLEL TO DEFLECTION 
DIRECTION.
(ANGULAR DEVIATION~
>/20 RADIAN)
LEFT STRIP MAGNIFIED 
2 '/2 TIMES. ANGLE 
BETWEEN GRID AND 
DEFLECTION DIRECTION 
45° + 02
(0 8 »  7,8 RADIAN.)
FIGURE 8
OPTICAL SCAN TRANSMISSION WAVEFORMS. 500  MESH PER INCH SCREEN 
.0 0 2 8  INCH BEAM DIAMETER.
1 0 3 -2 5
WAVEFORMS FOR TWO 
POSSIBLE GRID ORIENT­
ATIONS
RIGHT STRIP MAGNIFIED 
2 '/2 TIMES. GRID ALMOST 
PARALLEL TO DEFLECTION 
DIRECTION.
(ANGULAR DEVIATION«
V20 RADIAN)
LEFT STRIP MAGNIFIED 
2 '/2 TIMES. ANGLE 
BETWEEN GRID AND 
DEFLECTION DIRECTION 
45° + e2
(0 2 «  7,8 RADIAN.)
FIGURE 9
OPTICAL SCAN TRANSMISSION WAVEFORMS. 500  MESH PER INCH SCREEN 
0 0 5 6  INCH BEAM DIAMETER.
1 0 3 -2 6
RIGHT STRIP MAGNIFIED 
2'/2 TIMES. GRID ALMOST 
PARALLEL TO DEFLECTION 
DIRECTION.
(ANGULAR DEVIATION ~
1/20 RADIAN)
LEFT STRIP MAGNIFIED 
2'/2  TIMES. ANGLE 
BETWEEN GRID AND 
DEFLECTION DIRECTION 
45° + 02
(0 * M '/ie RADIAN.)
FIGURE 10
OPTICAL SCAN TRANSMISSION WAVEFORMS. 500  MESH PER INCH SCREEN 
.0 0 9 8  INCH BEAM DIAMETER.
1 0 3 -2 7
DISTURBANCE ONLY 
(AMPLITUDE GAIN 2 TIMES 
THAT OF SIGNAL ft DISTURB­
ANCE SPECTRA BELOW.)
BARRIER GRID FREQUENCY 
410 KC.
0 100 200
t
s
300 400
Í t
2S B.G.
KC FREQUENCY
S 200 KC 
2S 400  KC 
BG 410 KC
S 410 KC 
BG 410 KC
t
'S + BG
FIGURE II SIGNAL a  DISTURBANCE SPECTRUM RCA RADECHON 4 0 5 ,5 4 0 -8
1 0 3 -2 8
FIGURE 12
MONITOR SCOPE PRESENTATION OF THE READ OUT CURRENT FOR A RCA 
RADECHON 405 , 5 4 0 - 8 .
1 0 3 -2 9
FIGURE 13
MAGNIFICATION OF FIGURE 12 SHOWING A SMALL SECTION NEAR THE 
CENTER OF THE GRID.
1 0 3 -3 0
FIGURE 14
MONITOR SCOPE PRESENTATION OF THE READ OUT CURRENT FOR A 
TCM I4 -A 7
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FIGURE 15
SINGLE LINE READ OUTPUT CURRENT SHOWING A MAXIMUM 
LINEAR 125 KC SIGNAL PLUS DISTURBANCE FOR A RCA 
RADECHON 405 5 4 0 -8 .
THE FREQUENCY SPECTRUM CORRESPOND!NG TO THIS WAVE­
FORM IS SHOWN IN FIGURE 16
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I I I
0 SIGNAL 125 KC BARRIER GRID 425  KC
FREQUENCY SPECTRUM (SIGNAL .HARMONICS, DISTURBANCE) PLUS 
PLUS BAND PASS MARKERS
0 100 200 300 400 450 FREQUENCY KC----- * -
10 TIMES MAGNIFICATION (SIGNAL, HARMONICS, 
DISTURBANCE)
FIGURE 16 SPECTRUM RCA RADECHON 405 5 4 0 -8
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TIME
FIGURE 17
SINGLE LINE READ OUTPUT CURRENT SHOWING MAXIMUM 
LINEAR 125 KC SIGNAL PLUS DISTURBANCE FOR A TCM 
14-EIO
THE FREQUENCY SPECTRUM CORRESPONDING TO THIS  
WAVEFORM IS SHOWN IN FIGURE 18.
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1 0 3 -3 4
0 100 200 300 40 0  450 FREQUENCY
KC -----*-
10 TIMES MAGNIFICATION (SIGNAL, HARMONICS, DISTURBANCE )
♦— SIGNAL 125 KC
FREQUENCY SPECTRUM ( SIGNAL, SIGNAL HARMONICS, DISTURB­
ANCE) PLUS BAND PASS MARKERS.
FIGURE 18 SPECTRUM TCM I 4 - E I 0
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